INTRODUCTION
============

Rheumatoid arthritis (RA) is a chronic inflammatory disease that may cause deformed joints, synovial damage, and severe disability.^[@R1],[@R2]^ In the United States, RA affects 1.3 million adults with physical disabilities.^[@R3],[@R4]^ The prevalence of RA in Taiwan is similar to that reported in Caucasian patients.^[@R5]^ Several studies have indicated that peripheral neuropathy and inflammatory reactions of the central nervous system (CNS) may accompany RA, such as autoimmune, neurodegenerative, and carpal tunnel syndromes.^[@R6],[@R7]^ Furthermore, increasing evidence has shown that inflammatory processes play a critical role in epilepsy,^[@R8]--[@R10]^ which is one of the most common and chronic neurological disorders and causes severe physical and psychological complications.^[@R11]--[@R13]^ There were more than 50 million people worldwide with epilepsy.^[@R14]--[@R16]^ Both RA and epilepsy have been associated with an increased risk of stroke, ischemic heart disease, and hypertension.^[@R17]--[@R20]^ Nevertheless, evidence of a direct association between RA and epilepsy remains lacking. Therefore, we conducted this study to determine the risk of epilepsy in patients with RA.

METHODS
=======

Data Sources
------------

Data were obtained from the National Health Insurance Research Database (NHIRD), which contains claims data from 1996 to 2011 related to inpatient care, ambulatory care, dental care, prescription drugs, and costs. Taiwan implemented the compulsory single-payer National Health Insurance (NHI) program in 1995, and it now covers over 99% of the 23.75 million residents of Taiwan.^[@R21]^ All of the data are confidential and all patients are anonymous and unidentified, thus ensuring that the NHI reimbursement data are suitable for public research. Similar identification numbers are encrypted to all data files for linking data according to privacy protocols. For this retrospective cohort study, we used a subset of the NHIRD including files from the Registry of Catastrophic Illnesses Patient Database (RCIPD) and Longitudinal Health Insurance Database 2000 (LHID2000). International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes were used to define diseases in the NHIRD. The Ethical Review Board of China Medical University approved this study (CMU-REC-101-012).

Sampled Patients
----------------

The RA cohort comprised patients ages 20 years and older who were newly diagnosed with RA (ICD-9-CM Code 714) between 2000 and 2011 from the RCIPD. The RCIPD was established to track patients with major or catastrophic illnesses, including cancer, end-stage renal disease, mental illness, congenital illness, and several autoimmune diseases such as RA. To validate the diagnosis of the patients, the Bureau of NHI routinely reviews the original medical charts of all patients who apply for catastrophic illness registration. The RA diagnosis date was defined as the index date. Patients with a history of epilepsy (ICD-9-CM Code 345) before the index date or with incomplete medical information were excluded. All patients without a history of RA were randomly selected from the LHID2000. Patients without RA were frequency matched with the RA cohort at a 1:1 ratio according to age (in 5-year bands), sex, and year of RA diagnosis by using the same exclusion criteria.

Outcome
-------

Each patient was followed from the index date until epilepsy diagnosis, withdrawal from the NHI program, censoring because of death, or the end date of the database (December 31, 2011).

Comorbidities and Medications
-----------------------------

Baseline comorbidities were analyzed as follows: diabetes (ICD-9-CM Code 250), hypertension (ICD-9-CM Codes 401--405), hyperlipidemia (ICD-9-CM Code 272), head injury (ICD-9-CM Codes 310.2, 800, 801, 803, 804, 850, 851, 853, and 854), coronary artery disease (CAD) (ICD-9-CM Codes 410--414), chronic obstructive pulmonary disease (COPD) (ICD-9-CM Codes 491, 492, and 496), stroke (ICD-9-CM Codes 430--438), and autoimmune disease (ICD-9-CM 710.0, 710.1, 710.2, 710.3, 710.4, and 696.0). In addition, nonsteroidal anti-inflammatory drug (NSAID) use, steroidal drug use, aspirin use, opioid use, and various biologic therapies (including azathioprine, cyclosporin, immunoglobulin, mycophenolate, and tacrolimus) were analyzed between the RA patients and the controls.

Statistical Analysis
--------------------

The distributions of categorical characteristics between the RA cohort and the controls were described and compared using Pearson\'s chi-squared test for categorical variables and a 2-sample *t* test for continuous variables. The cumulative incidence of epilepsy between the RA and control cohorts was assessed using the Kaplan--Meier method, and the differences were assessed using a log-rank test. The incidence densities (per 1000 person-year) of epilepsy were estimated according to various risk factors. Univariate and multivariate Cox-proportional hazard regression models were adopted to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs) for the risk of developing epilepsy. In addition, the Cox model was used to assess the risk of epilepsy development in the RA cohort compared with the control cohort. In further analysis, we evaluated the effect of NSAID use duration according to the quartile of cumulative use per day of NSAIDs (≤560, 561--1180, 1181--2145, and \>2145 days) on the risk of epilepsy in the patients with RA. All of the data analyses were performed using SAS for Windows (Version 9.4; SAS Institute, Inc., Cary, NC). A 2-tailed *P* value of 0.05 was considered statistically significant.

RESULTS
=======

Demographic Characteristics, Comorbidities, and Medications in RA and Control Cohorts
-------------------------------------------------------------------------------------

The demographic characteristics and comorbidities of the RA and control cohorts are shown in Table [1](#T1){ref-type="table"}. No statistical difference was observed in the distributions of age and sex between the RA cohort and controls (mean age of approximately 54 years). Among the RA patients, 61.4% were older than 50 years, and 77.4% were women. Compared with the control cohort, the RA patients exhibited a higher prevalence of hypertension, hyperlipidemia, CAD, COPD, and autoimmune disease (*P* \< 0.001). Most medications were more prevalent in the RA cohort at the baseline, compared with the control cohort (*P* \< 0.05), except immunoglobulin use and tacrolimus use.
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Cox Model Analysis of Risk Factors Affecting Epilepsy Development
-----------------------------------------------------------------

The overall incidence of epilepsy was 1.27-fold higher in the RA cohort compared with that in the controls (1.14 vs 0.90 per 1000 person-year, 95% CI = 1.03--1.56) (Table [2](#T2){ref-type="table"} ). After adjustment for age, sex, comorbidities, and medications, the patients with RA were associated with an increased risk of epilepsy compared with those without RA (adjusted HR \[aHR\] = 1.52, 95% CI = 1.12--2.07). Epilepsy incidence increased with age. Compared with the patients ages 49 years and younger, the risk of epilepsy development was 1.45-fold higher in the patients ages 50 to 64 years (95% CI = 1.06--2.00) and 2.12-fold higher in those ages 65 years and older (95% CI = 1.52--2.96), after adjustment for potential risk factors. Men had a higher incidence of epilepsy than that of women (1.60 vs 0.87 per 1000 person-year, respectively). The risk of developing epilepsy was 1.60-fold higher for the men compared with that for the women (95% CI = 1.28--1.99). The incidence of epilepsy was increased in the patients with comorbidity. A higher risk of epilepsy was present for the patients with comorbidities of diabetes (aHR = 1.46, 95% CI = 1.11--1.93), hypertension (aHR = 1.87, 95% CI = 1.44--2.53), CAD (aHR = 1.37, 95% CI = 1.06--1.76), head injury (aHR = 2.48, 95% CI = 1.78--3.45), COPD (aHR = 1.42, 95% CI = 1.09--1.84), and stroke (aHR = 2.32, 95% CI = 1.66--3.24). The risk of developing epilepsy was 0.66-fold for the patients with NSAID use compared with the patients without NSAID use (95% CI = 0.49--0.91).
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Incidence and HRs of Epilepsy Stratified by Sex, Age, Comorbidity, and Medications: Comparison Between RA and Control Cohorts
-----------------------------------------------------------------------------------------------------------------------------

When the analyses were stratified according to sex, the relative risk of epilepsy development was significantly higher in the female RA patients compared with the female patients without RA (aHR = 1.59, 95% CI = 1.10--2.31) (Table [3](#T3){ref-type="table"}). In the RA cohort with NSAID use, the patients had a 46% higher risk of epilepsy compared with the control cohort with NSAID use (95% CI = 1.06--2.03). In the RA cohort with aspirin use, the patients had 0.26-fold risk of epilepsy compared with the control cohort with aspirin use (95% CI = 0.08--0.87). Among the nonmedication patients, the RA patients still had a greater risk of epilepsy than that of the controls except for non-NSAID use.
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Incidence and HRs of Epilepsy Stratified by Duration of NSAID: Comparison Between RA and Control Cohorts
--------------------------------------------------------------------------------------------------------

Compared with the patients without RA, the RA patients with ≤560 days of NSAID use demonstrated a significantly higher risk of epilepsy (aHR = 2.37, 95% CI = 1.70--3.29), followed by the RA patients with 561 to 1180 days of NSAID use, who exhibited an aHR of 1.81 (95% CI = 1.28--2.54). Specifically, the risk of epilepsy was significantly lower (aHR = 0.37, 95% CI = 0.23--0.59) in the RA patients with \>2145 days of NSAID use than in the control cohort. The risk of epilepsy was markedly lower when the RA patients had a longer NSAID treatment duration. Compared with the RA patients with ≤560 days of NSAID use, the RA patients with 1181 to 2145 and \>2145 days of NSAID use had a significantly lower risk of epilepsy (aHR = 0.35, 95% CI = 0.24--0.52 and aHR = 0.15, 95% CI = 0.09--0.24, respectively).

Cumulative Incidence of Epilepsy in the RA and Control Cohorts
--------------------------------------------------------------

For the mean follow-up period of 5.54 years for the RA cohort and 5.61 years for the control cohort, the Kaplan--Meier analysis results showed that the cumulative incidence curves for epilepsy were significantly higher for the RA cohort than for the control cohort (log-rank test *P* \< 0.001; Figure [1](#F1){ref-type="fig"}).

![Cumulative incidence of epilepsy compared between patients with and without rheumatoid arthritis.](medi-94-e1485-g005){#F1}

DISCUSSION
==========

The major findings indicate that the RA patients exhibited a considerably higher risk of epilepsy occurrence and that the risk of epilepsy and duration of NSAID treatment for RA are negatively associated. The processes and mechanisms leading to the generation of epilepsy are not fully understood; however, some patients develop epilepsy because of stroke, brain tumor, and traumatic brain injury.^[@R22]--[@R24]^ Several studies have indicated that chronic inflammation is a possible mechanism increasing the risk of epilepsy. RA is an autoimmune disease that entails chronic inflammation. Cytokines play a crucial role in the activation of innate immunity and the transition to adaptive immunity, and they are released by immunocompetent and endothelial cells, or by glia and neurons in the CNS.^[@R25],[@R26]^ Evidence indicates that inflammation in the CNS is associated with epilepsy.^[@R27]^

Another possible linkage is pain, which is a major symptom in patients with RA.^[@R28]^ In the past few decades, several studies have indicated that the cerebral cortex and its extensive cortical network are involved in pain processing.^[@R29]--[@R31]^ Studies have revealed that the mechanism of seizures involves variation in the circuitry between the thalamus and cerebral cortex.^[@R29],[@R32]^ The pain in RA patients may induce seizures caused by unusual electrical activity in the brain. As shown in Table [4](#T4){ref-type="table"}, we found a negative association between the duration of NSAID use and the risk of epilepsy. This dose response association is consistent with our hypotheses.
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However, whether these two mechanisms increase the risk of epilepsy in patients with RA could not be determined because of the limitations of the NHIRD used in this study. Therefore, additional clinical and experimental studies are warranted.

In this study, all RA patients in Taiwan were included in the current databases. The prevalence of RA was approximately 1%, and the RA prevalence in women was 3-fold higher than that in the men. The results are similar to those of other studies.^[@R33]--[@R36]^ Furthermore, the RA patients had a significantly higher frequency of hypertension, hyperlipidemia, CAD, COPD, and stroke compared with the healthy control group. These findings are consistent with those of previous studies.^[@R19],[@R20],[@R37]^

In addition to age and sex, we considered the influences of covariates, such as diabetes, hypertension, hyperlipidemia, stroke, head injury, and stroke, which were considered to be associated with both the risk of RA and epilepsy.^[@R38]--[@R40]^ Furthermore, evidence has suggested that cigarette smoking increases both the risk of RA and epilepsy.^[@R41],[@R42]^ Data on health behavior are limited in the NHIRD. In other NHIRD studies, the general approach has been to use COPD as a proxy predictor of cigarette smoking.^[@R43],[@R44]^

This epidemiological study on epilepsy in Taiwan was limited. This was the first nationwide study to examine the association regarding the increasing risk of epilepsy in RA patients. First, the strength of this study was that all RA patients in Taiwan were included from current databases that contain data such as those related to inpatient care, ambulatory care, dental care, prescription drugs, and costs. Taiwan has only one compulsory social insurance program. Approximately 99% of the 23.74 million residents of Taiwan are enrolled in the NHI program. Second, based on the low prevalence of RA, we included a large number of RA patients. Another national study showed that the total number of RA patients in Taiwan was 30,504 between 1996 and 2008^[@R29]^; therefore, in this study, we included 32,005 RA patients. Third, we conducted this study with a long follow-up period (1996--2011), thus enabling possible epilepsy occurrence to be assessed. In Taiwan, 99% of patients with RA were available in the RCPID. They might have had more clinical visits than did those without RA, thus resulting in a higher prevalence of comorbidity for RA patients. In this study, the potential bias due to the unequal chances of clinical visits might not occur with a long follow-up period.

Furthermore, we determined the potential limitations of this study. Blood tests, electroencephalograms, and neuroimaging are generally performed in RA and epilepsy diagnoses. Although the clinical data in the NHIRD are limited, we ascertained RA and epilepsy according to ICD-9-CM codes, which are determined by fully trained physicians; the RA and epilepsy diagnosis data in the NHIRD are reliable and have been widely used in previous studies. Finally, one of the major limitations of the NHIRD is the lack of information on cigarette smoking and alcohol consumption. We believe that the confounding effects of cigarette smoking and alcohol consumption were minimal because RA is a gender-specific disease, and the prevalence of cigarette smoking and alcohol consumption in women is significantly lower than that in men in Taiwan.^[@R45]^ In addition, other risk factors that might be associated with risk of epilepsy, such as diet, medications, environment, and familiar risks, were not available in the NHIRD.

In conclusion, this study provides compelling evidence and the possible mechanisms for the increased risk of epilepsy in patients with RA. RA patients are encouraged to seek treatment for pain relief as early as possible to help lower the risk of epilepsy, thereby slowing epilepsy progression with a longer period of NSAID use. Based on the limitations, additional clinical studies are warranted to investigate the underlying mechanisms of the association between RA and epilepsy.

Abbreviations: BMD = bone mineral density, CIs = confidence intervals, CO = carbon monoxide, COPD = chronic obstructive pulmonary disease, DM = diabetes mellitus, HRs = hazard ratios, HT = hypertension, ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification, IHD = ischemic heart disease, IRR = incidence rate ratio, NHIRD = National Health Insurance Research Database.
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